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During pregnancy and protein restriction, changes in serum insulin and leptin levels, food intake and several metabolic
parameters normally result in enhanced adiposity. We evaluated serum leptin and insulin levels and their correlations with some
predictive obesity variables in Wistar rats (90 days), up to the 14th day of pregnancy: control non-pregnant (N = 5) and pregnant
(N = 7) groups (control diet: 17% protein), and low-protein non-pregnant (N = 5) and pregnant (N = 6) groups (low-protein diet:
6%). Independent of the protein content of the diet, pregnancy increased total (F1,19 = 22.28, P < 0.001) and relative (F1,19 = 5.57,
P < 0.03) food intake, the variation of weight (F1,19 = 49.79, P < 0.000) and final body weight (F1,19 = 19.52, P < 0.001), but glycemia
(F1,19 = 9.02, P = 0.01) and the relative weight of gonadal adipose tissue (F1,19 = 17.11, P < 0.001) were decreased. Pregnancy
(F1,19 = 18.13, P < 0.001) and low-protein diet (F1,19 = 20.35, P < 0.001) increased the absolute weight of brown adipose tissue.
However, the relative weight of this tissue was increased only by protein restriction (F1,19 = 15.20, P < 0.001) and the relative lipid
in carcass was decreased in low-protein groups (F1,19 = 4.34, P = 0.05). Serum insulin and leptin levels were similar among
groups and did not correlate with food intake. However, there was a positive relationship between serum insulin levels and
carcass fat depots in low-protein groups (r = 0.37, P < 0.05), while in pregnancy serum leptin correlated with weight of gonadal
(r = 0.39, P < 0.02) and retroperitoneal (r = 0.41, P < 0.01) adipose tissues. Unexpectedly, protein restriction during 14 days of
pregnancy did not alter the serum profile of adiposity signals and their effects on food intake and adiposity, probably due to the
short term of exposure to low-protein diet.
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Introduction
The prevalence of obesity is increasing in most coun-
tries worldwide, even in those with high rates of undernutri-
tion (1,2). Obesity, cardiovascular disease, and type 2
diabetes mellitus are now prevalent among adults living in
developing countries and these chronic diseases affect
socioeconomically disadvantaged adults living in impover-
ished families. Brazilian adult population studies have
shown an epidemic increase in obesity, mostly among
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women from lower social strata (3,4). Although improve-
ment in economic conditions in some families can partly
explain this trend, it is possible that other factors are also
important (5).
Pregnancy is a state characterized by hyperphagia
(6,7), decreased thermogenesis (8) and adaptations of fat
cell functions, leading to an increase in adipose tissue
mass during the earlier phase, followed by a decrease of
fat mass during the late phase (6,9). In the initial stage of
pregnancy, fatty acid synthesis from glucose is increased
and the lipogenic pathway predominates, whereas in the
final stage the lipolytic pathway is more active (10). The net
anabolic condition present in the first phase of pregnancy
seems to be driven by insulin, the most efficient anabolic
hormone, and its pancreatic concentration and secretion
are both enhanced from early pregnancy (11,12).
Low dietary protein produces hyperphagia (13) accom-
panied by an increase of basal metabolism (14) and adap-
tive diet-induced thermogenesis. This diet-induced ther-
mogenesis is associated with increased mass and activity
of brown adipose tissue (15), due to the stimulation of
sympathetic nervous system (14). Despite elevation of
energy expenditure, body fat content increases (13,16),
possibly due to positive adaptation that allows part of the
excess carbohydrate ingested relative to protein to be
stored as lipid (14). The increased sympathetic nervous
system activity appears to contribute partly to decreased
glucose-stimulated insulin secretion (17), which is com-
pensated by enhanced glucose tolerance and insulin ac-
tion seen in protein restriction (18-20).
Like insulin, leptin is involved in the modulation of
energy balance by inhibiting food intake and by increasing
energy expenditure mediated via activation of the sympa-
thetic nervous system (21). Low-protein diets and preg-
nancy are states of leptin resistance, because food con-
sumption is stable or increased despite a rise in plasma
leptin concentration (13,22). Low-protein diets during preg-
nancy might alter the serum insulin and leptin profile thus,
contributing to the promotion of obesity among women
from underdeveloped countries.
The present study evaluated the effect of low-protein diet
at the end of the anabolic phase of pregnancy on serum
leptin and insulin levels and the correlation of these hor-
mones with maternal food behavior and body fat increase.
Material and Methods
Animals and diets
The experiment was carried out according to the COBEA
guidelines (Brazilian College of Animal Experimentation)
adopted by the Federal University of Mato Grosso, Cuiabá,
SP, Brazil (23). Twenty-three virgin female Wistar rats (90
days) were obtained from the University’s Central breed-
ing colony. Mating was performed by housing females with
adult males overnight and pregnancy was confirmed by
examining vaginal smears for the presence of sperm.
Pregnant and virgin females were separated at random
and maintained individually in polypropylene cages in a
room at 24 ± 1°C with lights on from 6:00 to 18:00 h. They
were fed diets and water ad libitum until the 14th day of
pregnancy. During the experimental period, the animals
received two types of isocaloric diets: control diet (17% of
protein) or low-protein diet (6% of protein), described by
Ferreira et al. (24). Rats were divided into four groups
according to physiologic and nutritional status: control
non-pregnant (CNP), control pregnant (CP), low-protein
non-pregnant (LPNP), and low-protein pregnant (LPP).
Food intake and body weight were monitored three times a
week and spilling was corrected for.
Sample collection and analyses
At the end of the experimental period and after over-
night fast, all rats were sacrificed, samples of blood were
collected, centrifuged and aliquots of serum were used for
the measurement of serum glucose by enzymatic colori-
metric test (glucose oxidase method) described by Trinder
(25), total serum protein by a modified reactive biuret
method (26), and serum albumin using the green bromo-
cresol method described by Doumas et al. (27). Serum
insulin was determined by radioimmunoassay (28) and
serum leptin was assayed by ELISA using a kit specific for
rat leptin (Kits Crystal Chem. Inc., USA). The physiological
index of insulin resistance used was homeostasis model
assessment of insulin resistance (HOMA-IR) (29), as-
sessed from fasting glucose and fasting insulin concentra-
tions using the following formula: HOMA-IR = (fasting
insulin [ng/mL] x fasting glucose [mg/dL]) / 22.5.
The retroperitoneal (RET) and gonadal (GON) white
adipose tissues and brown adipose tissue (BAT) were
removed and measured for determination of fresh weight
(g and g/100 g of body weight, respectively). According to
Gonçalves et al. procedure (30), the entire carcasses were
eviscerated and dried in a forced draft oven at 80°C until
constant weight was achieved. The content of water was
determined by the difference between fresh and dry weights.
Total body fat was measured by petroleum ether extraction
using a continuous Soxhlet extractor and the lipid content
was calculated by subtracting the fat-free dry mass from
the dry carcass weight. Ash content was estimated, follow-
ing combustion at 550°C until constant weight. Protein
content was calculated by subtracting the water, fat and
ash content from the wet carcass weight.
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Carcass composition
The carcass composition at the beginning of the ex-
periment (calculated baseline energy) was estimated us-
ing the proportions of final carcass composition of the CNP
group on estimated carcass initial weight (initial weight
less percent of viscera weight) of the same group. From
the difference between the final carcass composition and
the calculated initial carcass composition, the following
variables were obtained: energy gain as lipid, energy gain
as protein and total energy gain. To calculate carcass
energy, we assumed the energy content of protein to be
16.74 kJ/g and fat to be 37.7 kJ/g.
Statistical analyses
The results are reported as the means ± SEM for the
number of rats indicated. Initially, the Levene test for the
homogeneity of variance was used to verify the fit of the
data to the assumptions for parametric ANOVA. All data
were subsequently analyzed by two-way ANOVA (nutri-
tional status and physiologic status) followed by the Tukey-
HSD test to determine individual differences among them,
when necessary. A Box-Cox transfor-
mation was used to correct for vari-
ance heterogeneity or non-normality
(31). The correlation coefficient was
used to examine the association be-
tween serum leptin or insulin levels
and some predictive variables of obe-
sity. Statistical significance was taken
as P ≤ 0.05. Statistical analysis was
performed using the Statistic Software
package (StatSoft, Inc., USA).
Results
The total and relative food intake
(F1,19 = 22.28, P < 0.001 and F1,19 =
5.57, P < 0.03, respectively), weight
gain (F1,19 = 49.79, P < 0.000) and final
body weight (F1,19 = 19.52, P < 0.001)
were higher in pregnant (CP and LPP)
than in non-pregnant rats (CNP and
LPNP), independent of the nutritional
status (Table 1).
Serum concentrations of total pro-
tein, albumin, insulin, leptin, as well as
HOMA index, were not significantly dif-
ferent among groups. Pregnancy de-
creased serum glucose (F1,19 = 9.02, P
= 0.01) in rats fed both diets (Table 2).
The serum leptin and insulin concen-
trations were not correlated with energy intake when group
data were combined or separated according to physiological
or nutritional status.
In absolute values, the fat depots of BAT were signifi-
cantly increased in pregnant compared to non-pregnant
rats (F1,19 = 18.13, P < 0.001) as well as in low-protein
compared to control rats (F1,19 = 20.35, P < 0.001). BAT
mass was higher only in low-protein (LPNP and LPP)
compared to control groups (CNP and CP; F1,19 = 15.20, P
< 0.001; Table 3).
The absolute mass of GON and absolute and relative
RET mass were similar among groups. Relative to body
weight, pregnant rats exhibited lower GON values com-
pared to non-pregnant rats (F1,19 = 17.11, P < 0.001; Table
3).
Serum leptin concentrations were correlated positively
with absolute and relative RET (Figure 1A,B) and BAT
(Figure 1C,D) masses when all groups were included.
When only physiological condition was evaluated, in preg-
nant rats there was a correlation between serum leptin
concentration and RET mass (r = 0.41, P < 0.01) as well as
Table 1. Body weight and food intake of pregnant and non-pregnant rats maintained on
control or low-protein diets.
CNP (N = 5) CP (N = 7) LPNP (N = 5) LPP (N = 6)
Initial body weight (g) 245 ± 3 258 ± 10 259 ± 6 250 ± 5
Weight gain (g) 19 ± 8 51 ± 2* 17 ± 8 52 ± 3*
Final body weight (g) 264 ± 9 309 ± 10* 276 ± 11 302 ± 4*
Food intake (g) 207 ± 14 255 ± 11* 204 ± 15 263 ± 9*
Relative food intake 78 ± 4 83 ± 4* 74 ± 5 87 ± 3*
(g/100 g body weight)
Data are reported as means ± SEM for 5-7 rats. Groups: CNP = control non-pregnant;
CP = control pregnant; LPNP = low-protein non-pregnant; LPP = low-protein pregnant.
*P ≤ 0.05 compared to non-pregnant groups (CNP and LPNP; two-way ANOVA).
Table 2. Serum concentration of albumin, total protein, leptin, glucose, insulin and index
of insulin resistance (HOMA-IR) of non-pregnant and pregnant rats maintained on
control or low-protein diets.
CNP (N = 5) CP (N = 7) LPNP (N = 5) LPP (N = 6)
Albumin (g/dL) 3.45 ± 0.16 3.40 ± 0.19 3.25 ± 0.24 3.86 ± 0.26
Total protein (g/dL) 6.58 ± 0.73 6.53 ± 0.25 6.33 ± 0.68 6.92 ± 0.37
Glucose (g/dL) 77 ± 4 54 ± 6* 76 ± 5 69 ± 5*
Insulin (ng/mL) 0.51 ± 0.15 0.77 ± 0.09 0.67 ± 0.22 0.89 ± 0.13
Leptin (pg/mL) 2906 ± 826 4436 ± 986 3186 ± 982 4960 ± 766
HOMA-IR 1.79 ± 0.58 1.89 ± 0.33 2.20 ± 0.65 2.70 ± 0.39
Data are reported as means ± SEM for 5-7 rats. Groups: CNP: control non-pregnant;
CP = control pregnant; LPNP = low-protein non-pregnant; LPP = low-protein pregnant;
HOMA-IR = homeostasis model assessment of insulin resistance.
*P ≤ 0.05 compared to non-pregnant groups (CNP and LPNP; two-way ANOVA).
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serum leptin level and GON mass (r = 0.39, P < 0.02),
whereas in non-pregnant rats there was a correlation
between serum leptin concentration and BAT mass (r =
0.49, P < 0.02). Evaluation by nutritional status showed a
positive correlation between leptin and RET mass and
between leptin and BAT mass in protein restricted groups
(r = 0.40, P < 0.03; r = 0.52, P < 0.01, respectively) and in
control groups (r = 0.42, P < 0.02; r = 0.47, P < 0.01,
respectively).
Carcass constituents (lipid, protein, ash, and water) in
both absolute and relative values were similar among
groups, except the relative carcass lipid content that was
lower in low-protein groups compared to control groups
(F1,19 = 4.34, P = 0.05; Table 4). A positive correlation
between absolute content of carcass
lipid and the serum concentrations of
insulin (r = 0.37, P < 0.05) and leptin (r
= 0.37, P < 0.05), and HOMA-IR index
(r = 0.44, P < 0.03) was observed only
in low-protein groups.
Two-way ANOVA showed that car-
cass energy (CNP: 2086 ± 121, N = 6;
CP: 2270 ± 207, N = 8; LPNP: 1916 ±
116, N = 6; LPP: 1998 ± 50, N = 7),
energy gain as lipid (CNP: 369 ± 101,
CP: 410 ± 176, LPNP: 122 ± 94, LPP:
214 ± 52), as protein (CNP: 3 ± 28, CP:
58 ± 36, LPNP: 28 ± 13, LPP: 36 ± 29),
and total energy gain (CNP: 372 ±
115, CP: 468 ± 171, LPNP: 150 ± 91,
Figure 1. Correlation between se-
rum leptin (pg/mL) and absolute
(A) and relative (B) retroperitoneal
adipose tissue weight, and abso-
lute (C) and relative (D) brown
adipose tissue weight of control
non-pregnant rats (open circles),
pregnant rats (filled circles), low-
protein non-pregnant rats (open
squares) and low-protein preg-
nant rats (filled squares).
Table 3. White adipose tissue of non-pregnant and pregnant rats maintained on control
or low-protein diets.
CNP (N = 5) CP (N = 7) LPNP (N = 5) LPP (N = 6)
RET (g) 4.9 ± 0.7 5.2 ± 0.7 4.3 ± 0.4 4.8 ± 0.4
GON (g) 11.1 ± 0.7 9.9 ± 0.7 11.8 ± 1.2 10.5 ± 0.5
BAT (g) 0.26 ± 0.02 0.29 ± 0.01* 0.30 ± 0.02+ 0.38 ± 0.01*+
RET (g/100 g) 1.86 ± 0.28 1.66 ± 0.18 1.53 ± 0.11 1.60 ± 0.15
GON (g/100 g) 4.22 ± 0.29 3.21 ± 0.20* 4.26 ± 0.26 3.50 ± 0.20*
BAT (g/100 g) 0.098 ± 0.007 0.095 ± 0.004 0.108 ± 0.008+ 0.125 ± 0.004+
Data are reported as means ± SEM for 5-7 rats. Groups: CNP = control non-pregnant;
CP = control pregnant; LPNP = low-protein non-pregnant; LPP = low-protein pregnant.
RET = retroperitoneal adipose tissue; GON = gonadal adipose tissue; BAT = brown
adipose tissue.
*P ≤ 0.05 compared to non-pregnant groups (CNP and LPNP; two-way ANOVA).
+P ≤ 0.05 compared to groups fed the control diet (two-way ANOVA).
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LPP: 250 ± 48) were similar among
groups. Serum concentrations of leptin
and insulin did not correlate with the
variables when pregnant and non-preg-
nant groups were analyzed separated
or pooled.
Discussion
Protein restriction and pregnancy
are conditions commonly associated
with changes in feeding pattern (6,16).
Studies associating these conditions
have shown contradictory results. In
disagreement with the results obtained
by Snoeck et al. (32) that reported a
small rise and by Wunderlich et al. (33) that reported
reduced food intake in malnourished pregnant rats, in the
present study the protein restriction during pregnancy did
not produce changes in food intake. It should be noted that,
contrary to this study, the low-protein diet contained 8%
protein (32) and was applied during the last 2 weeks of
pregnancy (33). Independent of the diet, the pregnant rats
exhibited higher food intake resulting in a significant body
weight gain and consequently higher final body weight, in
relation to non-pregnant.
The expected reduction of serum albumin and total
serum protein concentrations in response to protein re-
striction and pregnancy was not observed in the present
study possibly due to the short term of exposure to low-
protein diet (14th day of pregnancy) and by the stage of
pregnancy. The typical positive nitrogen balance seen in
the normal pregnancy (34), also expected, was not ob-
served in pregnant rats, independent of protein concentra-
tion, since the carcass protein content was similar. This
can be explained by the observation that protein retaining
by pregnant rats occurs especially in the later stage of
pregnancy.
During the first half of pregnancy, a progressive accu-
mulation of maternal fat depots occurs due to increased
adipose tissue lipogenesis and glycerolneogenesis (35).
Protein restriction is also associated with an increase in
body fat content (13,16). In the present study, pregnancy
reduced the proportion of GON depots, while protein re-
striction decreased the proportion of carcass fat. In both
situations, the absolute and relative weights of BAT were
increased. BAT hypertrophy could be an indication of
increased metabolic activity in this tissue or increased diet-
induced thermogenesis. However, high diet-induced ther-
mogenesis would explain the depletion of body lipid only in
protein-restricted rats (15), but not in pregnant rats (8).
Although usually observed during the second half of preg-
nancy, this hypertrophy may be related to the lipid (8,10) or
water (7) accumulation in the tissue, and not due to in-
creased activity of thermogenesis. This interpretation is
reinforced by Frontera et al. (7) who reported an increased
ratio of adrenergic α2 to ß3 receptors, and reduction in the
number of mitochondria in pregnant rats, indicating inhibi-
tion of the sympathetic nervous system and, consequently,
lower thermogenic activity in this tissue.
The reduction of GON in pregnancy can be explained
by the increase of peripheric resistance to insulin, a situa-
tion that reduces the lipogenic and antilipolytic action of
this hormone. Hyperinsulinemia is a common finding and
occurs even before the resistance to insulin occurs in
pregnancy (11). There is a correlation between insulin
sensitivity and fat accumulation in maternal tissues, since
women with decreased insulin sensitivity before preg-
nancy have difficulty increasing fat mass at the beginning
of pregnancy (36). However, this explanation may be of
limited value because the rats were analyzed at the end of
the anabolic phase that could be the transition between
increased sensitivity at the beginning, and insulin resis-
tance in the late phase of pregnancy (10,11). In addition,
insulinemia and the HOMA-IR index were not affected by
protein deprivation in pregnant rats. The reduction in rela-
tive carcass fat content cannot be attributed to insulin
resistance because these variables did not change with
protein restriction. It is possible that the reduction of ab-
dominal fat store seen in pregnant rats reflects activation of
the autonomic nervous system in response to hypoglyce-
mia (10), a situation seen in this study only in pregnant rats.
Insulin, a food intake and energy expenditure regulator
hormone, correlated only with carcass fat in protein-re-
stricted rats. The fact that the analyses were done in the
fasting insulin condition could explain the lack of correla-
Table 4. Carcass composition of pregnant and non-pregnant rats maintained on control
or low-protein diets.
CNP (N = 5) CP (N = 7) LPNP (N = 5) LPP (N = 6)
Fresh carcass weight (g) 201 ± 7 216 ± 7 205 ± 7 210 ± 3
Protein (g) 47 ± 2 53 ± 2 51 ± 1 50 ± 2
Lipid (g) 34 ± 3 37 ± 5 28 ± 3 31 ± 1
Water (g) 115 ± 4 122 ± 5 121 ± 5 125 ± 3
Ash (g) 4.5 ± 0.4 3.5 ± 0.4 4.6 ± 1.1 4 ± 0.4
Protein (g/100 g carcass weight) 23.5 ± 0.4 24.7 ± 0.9 25.0 ± 0.5 24 ± 1.0
Lipid (g/100 g carcass weight) 17.0 ± 1.1 17.0 ± 1.1 13.7 ± 1.0* 14.6 ± 0.6*
Water (g/100 g carcass weight) 57.2 ± 0.9 56.9 ± 1.9 59.1 ± 0.8 59.5 ± 0.9
Ash (g/100 g carcass weight) 2.2 ± 0.2 1.6 ± 0.2 2.2 ± 0.5 1.9 ± 0.2
Data are reported as means ± SEM for 5-7 rats. Groups: CNP = control non-pregnant;
CP = control pregnant ; LPNP = low-protein non-pregnant; LPP = low-protein pregnant.
*P ≤ 0.05 compared to groups fed the control diet (two-way ANOVA).
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tion between insulinemia and food intake observed.
The leptin level is usually increased from the middle to
the end of pregnancy (37) and in protein restriction (13). In
this study, no changes were observed in leptin serum
concentration in response to pregnancy or protein restric-
tion, and this hormone did not correlate with food intake.
However, similar serum leptin concentrations among
groups, associated with increased food intake shown in
pregnant rats, suggests a state of leptin resistance, a
common situation found in the middle of pregnancy.
There is evidence that the increased plasma leptin
concentrations in pregnancy do not always correlate with
adiposity (38,39), including BAT depots (7), while protein
restriction correlates directly with carcass fat content (13).
In the present study, there was a positive relationship
between serum leptin level and absolute and relative
weights of RET and BAT, when all groups were considered
for analysis. However, in pregnant rats this hormone corre-
lated with abdominal fat depots of RET and GON, while in
non-pregnant rats there was correlation only with BAT
mass. A direct correlation between leptin and fat carcass,
RET and BAT in protein-restricted rats was observed.
Thus, serum leptin concentration in pregnancy seems to
reflect the abdominal fat content, while the protein restric-
tion reflects total fat content.
These results allow us to conclude that protein restric-
tion in this period of pregnancy (14 days) did not increase
adiposity or alter the serum insulin and leptin levels. More-
over, these hormones did not correlate with the predictive
obesity variables, possibly due to the short term of exposi-
tion to low-protein diet.
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